This work reports the preparation of ceramic hybrid films with illite-polyethylene composites analyzed as a function of concentration of added illite in polyethylene. The enhancement of oxygen and water-vapor transmission rate of illite-polyethylene film was evaluated to determine its influence on the freshness in fruit packaging. Particle size of illite materials was controlled in the range of 1~10 µm and then mixed with LDPE to form the masterbatch. Ceramic hybrid films were prepared through a blown film making process. To determine the dispersity and abundancy of illite materials in the polyethylene matrix, various characterizations of illite-PE hybrid masterbatch and films were performed using SEM, TGA, and FT-IR. The oxygen and water-vapor transmission rate of illite-polyethylene film was found to be two times higher than that of LDPE film.
Introduction
o improve the storage functionality of polyethylene film as a packaging material, efforts have been made to develop various packaging technologies, including modified atmosphere packaging (MAP), and controlled atmosphere packaging (CAP). [1] [2] [3] The packaging of fruit and vegetables in particular is problematic. Over time after packaging, it can lead to the generation of off-flavors, and the emitting of ethylene gas resulting from respiration. 4) Conventional technologies to address this problem have included increasing oxygen permeability through micropores formed by laser material processing technologies, and the removal of ethylene gas by means of CaO or activated carbon. 5, 6) However, micropores reduce the tensile strength of the packaging film, increasing potential tearing of the film, which can allow contamination sources, such as microorganisms and impurities, to infiltrate into the packaging material. The use of CaO or activated carbon makes waste treatment difficult. 7) To overcome these problems with a method that does not involve micropores or activated carbon, this article proposes adding ceramic powder into the raw materials of the packaging film, to impregnate the polymer matrix with ceramic powder to increase oxygen permeability. The ceramic material that was chosen in this study was illite, which is rare worldwide, but about 500,000,000 tons are found in reserves in Yeongdong-gun, Chungbuk, South Korea. 8) Illite is a platy clay mineral and has a layered alumino silicate structure consisting of two silica tetrahedrons and one alumina octahedron. The chemical formula of illite is (
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When illite powder is mixed without pretreatment with polyethylene to prepare a film, the ceramic powder forms a mass, which decreases the film strength and prevents the uniform dispersion of the powder in the film. To avoid forming agglomerates, the particle size of the illite powder should be limited to 10 µm or smaller. 9-11) Even when the particle size is controlled, adding illite to the film preparation in the form of powder hinders its dispersion in the film. Therefore, a master batch in the form of pellets was prepared by highly concentrating illite and then dispersing it in the basic polyethylene resin. Figure 1 shows the flow chart for the manufacturing of the master batch and the film. In this study, an illite-containing film was manufactured using the illite master batch, and the dispersion of the illite contained in the film was analyzed by scanning electronic microscopy (SEM). In addition, the effect of adding the ceramic to the film was evaluated in terms of oxygen permeability, and moisture permeability, which can affect the freshness and storage quality of packaged fruit or packaged agricultural, livestock and fishery products.
Experimental Procedures

Chemical reagents
The melting index and density of the low-density polyeth-T Review ylene (LDPE) used in the preparation of the master batch were 24.0 g/10 min (190 o C, 2.16 kg) and 0.915 g/cm 3 , respectively. The illite was provided in two forms by Medexx Inc. and Yongkoong Illite Inc. Each illite product was pulverized to a particle size in the range of 1~10 m before preparing the master batch. The size and specific surface area of the pulverized illite particles were analyzed using a particle size analyzer, and by performing Brunauer-Emmett-Teller surface area analysis.
Preparation of the LDPE and Illite master-batch
To control the illite content (30 wt.%) in the master batch in the experiment, the feed rates of the pure LDPE and illite from two feeders were measured. To prepare the polyethylene-illite hybrid master batch, illite and polyethylene were fed at a rate of 30%:70% using a biaxial co-rotation type extruder at screwing rates of 280 rpm and 480 rpm, at 80 to 190 o C. The extruded material from the screws was pelletized using a pelletizer (rate: 4.3 Hz) to produce the final master batch products. 12, 13) 
Preparation of LDPE and Illite Film
Illite-containing films were prepared by mixing the illite master batch with polyethylene at selected ratios using a blow film extrusion apparatus. The illite content measured in the prepared illite-containing film was 1.6% to 1.8 %. The film thickness, measured using Vernier calipers, was 0.04 to 0.05 mm. The morphology of the film samples was analyzed by SEM.
Instrumentation
The pulverization was performed with SJ-500 equipment (Nisshin) at a feed rate of 0.43 kg/hr under the air pressure of 0.74 MPa. The particles were analyzed with the wet mode of the LA-960 equipment (HORIBA). The specific surface area of the particles was measured by TriStar II 3020 equipment (Micromeritics). Nitrogen was used as the adsorption gas. The thermogravimetric analysis (TGA) was performed with Q600 TA equipment in nitrogen atmosphere at a rate of 10 o C/min from 25 o C to 700 o C. 14) MIRA3 SEM equipment (TESCAN) was used to scan the surface of the samples to analyze the dispersion of illite in the polymer matrix of the master batch and the films.
The master batch samples were cut in parallel in the direction of extrusion, and the surface was coated with platinum to obtain images of the cross-sections at 5 kV. The film samples were cut into 5 mm by 5 mm sizes, and the surface was also coated with platinum to obtain images of the crosssections at 10 kV.
The oxygen permeability of the film was analyzed by measuring a total of six times. The amount of oxygen permeating a specimen having an area of 1.131 cm 2 in 30 min at 23 o C and 50%RH was determined using C230 equipment (Labthink) according to the masking method specified in ASTM D3985. The moisture permeability of the film was analyzed by measuring a total of five times. The amount of moisture permeating a specimen having an area of 33.18 cm 2 for a test interval of 60 min at 38 o C and 90%RH was obtained with W3/031equipment (Labthink) following the method specified in ASTM E96. particles prepared by pulverizing illite with a jet mill. Illite M represents the illite provided by Medexhealing Co., Ltd., and Illite Y was received from Yongkoong Illite Co., Ltd. The specific surface area of Illite M and Illite Y, measured by BET analysis, was 11.7 m²/g and 12.29 m²/g, respectively.
Results and Discussion
The particle size analysis (PSA) showed that the mean particle size of Illite M and Illite Y was 2.89 m and 2.99 m, respectively, indicating the size of most particles was well controlled below 10 m. Figure 3 shows the SEM images of the composite polyethylene master batch and the films. They show illite particles of less than 10 m were well dispersed in the polyethylene matrix of the master batch. The SEM images of the film also show that the illite particles were uniformly dispersed without agglomeration in the polyethylene matrix. This is consistent with previous studies on adding fillers to polymers effectively using masterbatches. [15] [16] [17] Figure 4 shows the TGA results for the illite content in the master batch and the films. The rapid decrease in weight around 400 o C was caused by the combustion of polyethylene. The final illite content was estimated in the stable interval after 500 o C. 18) The TGA result in the master batch showed that the illite content reached about 30%, indicating that the content was well controlled. The TGA also showed that illite content in the films was 1.6% to 1.8 %. Figure 5 shows the variation in film properties depending on the illite content in terms of oxygen permeability and moisture permeability. 19) Fig. 5(a) shows the oxygen perme- ability of the illite-containing polyethylene composite films, which was 9,057 in the Illite M film mL/m 2 and 9,148 in the Illite Y film mL/m 2 . The oxygen permeability of the illitecontaining films was double the value of untreated polyethylene films (3,995 mL/m 2 ). In previous studies, platy nanoparticles with a high aspect ratio were used create a complicated gas permeation path, which reduced gas permeability. But in the present study, micro-sized particles with a low aspect ratio were used. The nanosized platy particles were layered, securing oxygen permeation paths through the interfaces between the illite particles and the polymer chains. 20,21) Figure 5 (b) shows the variation in moisture permeability of the illite-containing polyethylene composite films. The moisture permeability was determined by calculating the average of five measurements. The results showed that the moisture permeability of the general LDPE film, the Illite M film and the Illite Y film was 6.3715, 8.559 and 7.776 g/ m 2 ·day, respectively, indicating that the illite addition increased the moisture permeability. As in the case of oxygen permeability, the addition of illite particles between the polyethylene matrices might have secured spaces at the interfaces, affecting moisture permeation.
Conclusions
In the present study, illite was mixed with polyethylene in an attempt to increase the oxygen permeability and moisture permeability of polyethylene films. Illite-containing polyethylene films were prepared using a prepared master batch. SEM images showed that there was no agglomeration of the illite particles. The illite content in the illite-containing films prepared with the master batch ranged from 1.6% to 1.8%, as determined by TGA. The oxygen permeability of the illite-containing polyethylene composite films was 9,057 mL/m 2 in the Illite M film and 9,148 mL/m 2 in the Illite Y film, which were about 2.3 times as high as that of the general polyethylene films (3,995 mL/m 2 ). The moisture permeability of the general polyethylene films, the Illite M film and the Illite Y film was 6.3715, 8.559 and 7.776 g/ m 2 ·day, respectively, indicating that the addition of illite increased moisture permeability.
The results confirmed that the illite-containing polyethylene composite films, with their higher oxygen permeability and moisture permeability, can be used as packaging materials to lower the concentration of oxygen generated by the respiration of fruit and agricultural and fishery products, or to enhance the discharge of ethylene gas generated in the ripening process, to maintain the freshness of agricultural, livestock and fishery products and improve storage quality. 
